Abstract This study was performed in 36 rabbits to investigate the role of midkine (MK) in the resorption of herniated intervertebral discs. The L 1-2 disc was excised and immersed in one of three kinds of solution for two hours before relocation into the L4 epidural space. In the MK-treated group, the weight of relocated intervertebral discs decreased more over time than in the control group. Newly formed vessels and inflammatory cells were more frequently observed in the MK-treated group than in the control group two weeks after surgery. The degradation of matrix was more significant in the MK-treated group than in the control group four weeks after surgery. Larger areas were replaced by fibrous tissues in the MK-treated group eight weeks after surgery. Thus, MK can accelerate the resorption of the intervertebral disc relocation to the epidural space. Epidural injection of MK may contribute to the therapy of lumber disc herniation.
Introduction
Low back pain and sciatica caused by herniated disc often resolve spontaneously due to natural herniated disc resorption [1] [2] [3] . There is an increasing interest in the mechanism of spontaneous resorption of the herniated intervertebral disc seen by computed tomography [4] and magnetic resonance imaging [5] . Various factors may play significant roles in the spontaneous process, such as cytokines, macrophage infiltration and neovascularisation [6, 7] . Recently, angiogenesis received greater attention because evidence suggests that neovascularisation plays an important role in the wound-healing process [8] [9] [10] . Thus, neovascularisation in herniated disc appears to be essential for spontaneous resorption of herniated disc.
So far, different growth factors, such as bFGF, VEGF, TGF-α and midkine (MK) have been identified as positive regulators of angiogenesis [11] [12] [13] [14] . MK was first identified in embryonal carcinoma cells in the early stages during retinoic acid-induced differentiation [15] . Now, increasing evidence shows that MK plays an important role in angiogenesis, which is an important event for tumour development and the wound-healing process. MK is a heparin-binding growth factor unrelated to fibroblast growth factor and enhances plasminogen activator activity in aortic endothelial cells [16] . The angiogenic activity of MK was confirmed by the rabbit corneal assay. However, the role of MK in angiogenesis of herniated disc resorption has not been reported.
The purpose of this study was to analyse the role of MK in the spontaneous resorption process of herniated disc. We used a hernia model in rabbits, which simulates a sequestrated type of human disc herniation. We investigated the histological change progression and angiogenesis of herniated disc within the epidural space, and the relationship with MK was discussed. The results reported here may be clinically important for non-operative treatment of patients with lumbar disc herniation.
Materials and methods

Animals and materials
Thirty-six healthy, male, New Zealand white rabbits, specific pathogenic free (SPF), each weighing 2.75±0.25 kg, were supplied by Animal Experimental Centre of Medical College, Zhejiang University (Zhejiang, China). Mouse anti-human F VIII factor polyclone antibody and EnVision Kit for immunohistochemistry was obtained from DAKO Corporation. MK protein with biological activity was obtained from R&D Systems (Minneapolis, MN, USA).
Animal model
All experiments were carried out in accordance with the Institutional Animal Care and Use Committee, Medical College, Zhejiang University. The 36 rabbits were equally divided into an MK 5-μg group, an MK 20-μg group and a control group. The rabbits were anaesthetised with 30 mg/kg intravenous ketamine. The L 1 -L 2 intervertebral disc (containing the nucleus pulposus and the anulus fibrosus in similar proportion) was exposed and partially incised through an anterior retroperitoneal approach. The harvested disc material was weighed and then immersed in one of the following materials for two hours according to the allocated group:
1. Physiological saline containing 1% bovine serum albumin (control group; n=12) 2. Physiological saline containing 5 μg/mL MK and 1% bovine serum albumin (MK 5-μg group; n=12) 3. Physiological saline containing 20 μg/mL MK and 1% bovine serum albumin (MK 20-μg group; n=12) After these treatments, the disc material was placed into the posterior epidural space at the L 4 vertebra of the identical rabbit through an incision in the ligamentum flavum. All procedures were performed under surgical microscopy. Three rabbits from each group were sacrificed at one, two, four and eight weeks postoperation, and the spinal segment from L 4 was harvested in all groups.
Tissue preparation for histology
After being weighed on the same balance, the specimens were fixed in 10% buffered formalin overnight and embedded in paraffin. Then, the samples were cut in the axial plane to 5 mm thickness. Hemotoxylin-eosin (HE) staining was used routinely and the histological change in the harvested discs was examined under a microscope (Shanghai Medical Optical Instruments Factory, Shanghai, China). In other sections obtained at one, two, four, and eight weeks after surgery, immunohistochemical staining was performed to determine basement membrane components of newly formed vessels. The staining procedure was carried out by the EnVision System. Briefly, endogenous peroxidase was inactivated by 3% hydrogen peroxide (H 2 O 2 ) for ten minutes at room temperature, and the sections were treated with 5% normal rabbit serum for ten minutes at room temperature, followed by incubation with mouse anti-human F VIII factor polyclone antibody for 30 minutes at 37°C. After being washed with PBS (phosphate buffered saline) three times, the slides were incubated with EnVision for 30 minutes at 37°C and then further washed three times with PBS. After that, the sections were reacted with DAB (3, 3'-diaminobenzidine) for two to five minutes to allow examination under a microscope. For negative controls, sections were processed as above but the primary antibody was replaced by TBS (20 mM Tris, 150 mM NaCl). The known F VIII factor positive slice was used as a positive control.
Histological examination and scoring
The number of inflammatory cells, the degree of degradation of the matrix and the area of replacement by fibrous tissue were evaluated by HE staining. The number of newly formed vessels was evaluated by immunohistochemical staining. Each of the parameters measured was scored as described below. The histological evaluation was blindly assigned to two investigators and was averaged for statistical analysis. The axial sections were observed under a photomicroscope at a magnification of 100. Five visual fields of the area of relocated intervertebral disc were selected blindly, and certain parameters thought to be histologically associated with the resorption of disc material in the field of view were measured. Each of the parameters measured was graded to permit average scores. The grading scheme is as follows.
Inflammatory cells (including macrophages, lymphocytes, and fibroblasts)
Less than In addition to these parameters, a percentage decrease of the relocated intervertebral disc was measured for each sample. Each sample was weighed using digital scales (A&D Electronic Balance, Model EW-300B, A&D Engineering Inc., San Jose, USA) with a resolution of 0.1 g to provide the initial weight. Results of each sample were calculated as the average of the five readings. Variation in weight of the relocated intervertebral disc within each sample was expressed as a percentage decrease compared with the weight of the first disc harvested.
Statistical analysis
All data were expressed as mean ± SD. SPSS 10.0 (SPSS Inc., Chicago, IL) was used for statistical analysis. Statistical significance was evaluated by Tukey's post hoc analysis. P<0.05 was regarded as statistically significant.
Results
Weight change
The relocated discs were weighed before and after the surgery. The weight of the located discs in each group decreased postoperatively compared with that before surgery ( Table 1 ). The percentage of weight decrease was more significant in weeks 2 and 4 after surgery in the MK 20-μg group when compared with that of the control group (P<0.05, 0.01). This suggested that in the MK-treated group, the weight of relocated intervertebral disc decreased more over time than in the control group.
Newly formed vessels
The number of newly formed vessels in the relocated discs increased gradually at first, and then decreased within the Fig. 1 A The number of newly formed vessels in the MKtreated groups. The number of newly formed vessels in the MK-treated groups was significantly larger than that in the control group (P<0.01, 0.05). B Two weeks after surgery (EnVision method ×200). Few newly formed vessels observed in the relocated discs in the control group (a). More newly formed vessels observed in the relocated discs in the MK 5-μg group (b). Many newly formed vessels observed in the relocated discs in the MK 20-μg group (Envision Method ×20) (c) four weeks after surgery. In the control group, vessels were formed in the grafted intervertebral disc (Fig. 1A) at two weeks postoperation. The number of newly formed vessels in the MK-treated groups was significantly larger than that in the control group (Fig. 1B, P<0 .01, 0.05). The number in the MK 20-μg group was also larger than that in the MK 5-μg group (Fig. 1B; P<0.05 ).
Inflammatory cells
The relocated discs were infiltrated by inflammatory cells including small round cells, macrophages, and fibroblasts after surgery. The number of inflammatory cells in the relocated discs increased gradually at first, and then decreased within the four weeks after surgery. At two weeks postoperation, the number of inflammatory cells in the MK-treated groups was significantly larger than that in the control group (Fig. 1B , parts b and c; P<0.01, 0.05).
The number in the MK 20-μg group was also greater than that in the MK 5-μg group ( Fig. 2 ; P<0.05).
Degradation of the matrix
The matrix of the relocated disc showed derangement and loosening of collagen fibres two weeks after surgery. At week 4, fragmentation and disappearance of the matrix were also observed ( Fig. 3; P<0 .05). The degradation was more significant in the MK 20-μg group when compared with that of the control group, suggesting a faster degradation of the disc than in the control group.
Replacement by fibrous tissue
The number of fibroblasts increased surrounding the discs after surgery. The relocated intervertebral disc started to be replaced by the fibrous tissue at four weeks postoperation. Eight weeks after surgery, the replacement of the relocated intervertebral discs by fibrous tissues in the MK 20-μg group was more significant when compared with that in the control group (P<0.05; Fig. 4 ).
Discussion
Imaging techniques, such as magnetic resonance imaging and computed tomography, have revealed the gradual disappearance or decrease in the size of herniated intervertebral discs, which is associated with improvement of clinical symptoms. The regression is more significant in epidurally displaced (extruded and sequestrated) herniated disc [17] . It has been reported that newly formed vessels and macrophages play a role in herniated disc resorption [18] . Various factors such as MK, bFGF and other cytokines have been identified as positive regulators of angiogenesis [11] [12] [13] [14] and may be important in the mechanism of herniated intervertebral disc resorption. It is generally believed that spontaneous resorption of herniated disc is induced by inflammation because the immune system recognises the disc as a foreign body. However, most of the infiltrating cells surrounding the herniated discs were macrophages instead of lymphocytes. It is suggested that the inflammation is induced not only by an autoimmune response, but also by a wound-healing process [7, 18] . Angiogenesis is a critical component in the wound-healing process as well as a necessary procedure leading to new blood vessel formation [19] . MK, a heparin-binding growth/differentiation factor, appears to play an important role in angiogenesis and wound healing [20, 21] . It was reported that an angiogenic role of MK enhanced tumour growth in MCF-7 breast carcinoma cells due to MK high expression correlated with increased vascular density and endothelial proliferation [14] . Meanwhile, a previous study by Dai et al. showed that angiogenesis was suppressed by antisense oligonucleotides targeting MK both in HepG2-induced chick chorioallantoic membrane and in situ human hepatocellular carcinoma [22] . Exposure to blood circulation is essential for spontaneous resorption of herniated discs, and we speculate that MK enhances neovascularisation and increases the inflammatory cell supply route. The migration of leukocytes into inflammatory foci is governed by cell-specific chemoattractants called chemokines. Recently, Takada et al. found that MK is a chemotactic factor for neutrophils [14] . Thus, MK release might also assist infiltration of inflammatory cells.
Under physiological conditions, the vasculature is quiescent in the normal adult. Only 0.01% of endothelial cells in a normal adult vessel are in the cell division cycle at any given time [23] . However, in response to an appropriate angiogenic stimulus, the endothelial cells can become activated to grow new vessels. In this paper, we first analysed the role of MK on angiogenesis in herniated disc resorption. Our results suggest that MK could promote the angiogenesis and, in turn, accelerate the resorption of the discs.
However, as is known, sequestrated discs comprise a small percent of all types of disc herniation. The term 'disc herniation' is a broad and general term that includes three specific types of disc lesions: protrusion, extrusion and sequestration. Our further studies will explore the possible role of MK in these kinds of disc herniation and investigate the correct dose of MK in different kinds of disc herniation.
For the first time, we have directly addressed the potential therapeutic role of MK on herniated vertebral discs, and suggested that epidural injection of MK has the possibility of being developed as an effective method for treatment without surgical intervention.
